Abstract: Eating disorders are usually associated with an increased risk of premature death with a wide range of rates and causes of mortality. "Sudden death" has been defined as the abrupt and unexpected occurrence of fatality for which no satisfactory explanation of the cause can be ascertained. In many cases of sudden death, autopsies do not clarify the main cause. Cardiovascular complications are usually involved in these deaths. The purpose of this review was to report an update of the existing literature data on the main findings with respect to sudden death in eating disorders by means of a search conducted in PubMed. The most relevant conclusion of this review seems to be that the main causes of sudden death in eating disorders are those related to cardiovascular complications. The predictive value of the increased QT interval dispersion as a marker of sudden acute ventricular arrhythmia and death has been demonstrated. Eating disorder patients with severe cardiovascular symptoms should be hospitalized. In general, with respect to sudden death in eating disorders, some findings (eg, long-term eating disorders, chronic hypokalemia, chronically low plasma albumin, and QT intervals .600 milliseconds) must be taken into account, and it must be highlighted that during refeeding, the adverse effects of hypophosphatemia include cardiac failure. Monitoring vital signs and performing electrocardiograms and serial measurements of plasma potassium are relevant during the treatment of eating disorder patients.
Introduction
Medical manifestations of eating disorders (EDs) are not mere complications but relevant signs and symptoms of these pathologies. 1 Nevertheless, current classifications (ie, International Classification of Diseases, Diagnostic and Statistical Manual of Mental Disorders: Fourth Edition; Text Revision) do not pay special attention to the medical facets of anorexia and bulimia nervosa. 2, 3 Manifestations usually result from starvation or from the behaviors adopted to induce it. 1 In the case of anorexia nervosa, although many of these medical manifestations improve with nutritional rehabilitation and recovery from the ED, some are potentially irreversible. 4 Cardiovascular disturbances may have detrimental consequences and it seems they are present in the early stages of anorexia nervosa among adolescents. 5 Refeeding syndrome can result from the use of oral, enteral, or parenteral nutrition in malnourished patients. 4 In affected children and adolescents, growth failure and short stature are possible as well as osteopenia and osteoporosis. [6] [7] [8] Finally, different structural and functional brain changes have been reported among ED patients. 9, 10 Similar manifestations can be observed in bulimia nervosa, although the main signs and symptoms are usually related to the gastrointestinal tract (eg, dental erosion, parotid and salivary gland enlargement, esophagitis, vomiting, gastric rupture, constipation, etc).
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EDs are usually associated with an increased risk of premature death with a wide range of rates and causes of mortality. 12 Inanition, electrolyte disturbances, dehydration, suicide, and alcoholism, among others, have been reported as causes of mortality in EDs. 12 Standardized mortality ratios for anorexia nervosa vary from 1.36% to 20% with a narrower range for bulimia nervosa (1% to 3%). [12] [13] [14] Patients with anorexia nervosa are more likely to make a serious suicide attempt, with a higher expectation of dying and an increased risk of severity. It must be noted that clinical markers of the severity of EDs seem associated with the seriousness of such attempts. 15 "Sudden death" has been defined as the abrupt and unexpected occurrence of fatality for which no satisfactory explanation of the cause can be ascertained.
14 It must be noted that the mechanism of death in EDs, particularly in anorexia nervosa, is poorly understood. In many cases, death is attributed to complications (which are not always well defined) and in cases of sudden deaths autopsies do not always clarify the main cause of death. Cardiovascular complications are usually involved in these deaths. 14, [16] [17] [18] Although a variety of somatic alterations, cardiac arrhythmia, and acute circulatory failure have been reported in cases of sudden death among ED patients, in many cases the exact cause is not specified. 14 The aim of this review is to describe the causes of sudden death in patients with ED by means of a literature search of PubMed.
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Materials and methods
A search of the literature on PubMed was undertaken using the following search terms: "sudden death and eating di sorders," "sudden death and anorexia nervosa," " sudden death and bulimia nervosa," and "sudden death and eating disorders and not otherwise specified." A total of 144 articles was obtained, excluding those not specifically focused on anorexia and/or bulimia nervosa as well as on the clear relationship between specific EDs and sudden deaths. Articles without an abstract were also excluded. The search for "sudden death and eating disorders" yielded 76 articles, a total of 60 articles was obtained when "sudden death and anorexia nervosa" was entered, and eight articles were found by entering "sudden death and bulimia nervosa." The search for "sudden death and eating disorders and not otherwise specified" yielded no results.
Results
Cardiovascular complications and sudden death
At least one-third of all deaths in patients with anorexia nervosa are estimated to be due to cardiac causes, mainly sudden death. 14, 16, 20 Cardiovascular complications are common, and they have been reported in up to 80% of the cases; up to 10% of these complications were mainly bradycardia, hypotension, arrhythmias, repolarization abnormalities, and sudden death. 14, 16, 17, [21] [22] [23] It must be noted that food restriction can lead to increased vagal tone, bradycardia, orthostatic hypotension, syncope, arrhythmias, congestive heart failure, and sudden death. 24 Bradycardia presents particularly during the night but neither mean QT nor corrected mean QT length over 24-hour monitoring seem to be different compared with controls. 25 With respect to QT abnormalities, QT interval is a measure of myocardial repolarization and its length is associated with life-threatening ventricular tachycardia. Thus, a prolonged QT interval is a biomarker for ventricular tachyarrhythmia and a risk factor for sudden death. 17 In EDs, QT interval abnormalities have been studied as a marker of sudden death and also to assess the effect of refeeding. It has been proposed that sudden deaths are a result of cardiac arrhythmias for which a long QT interval on the electrocardiogram would be a marker. The necropsy and clinical findings in three cases of sudden death reported by Isner et al provided evidence that sudden death in anorexia nervosa, like sudden death in liquidprotein dieting, might result from ventricular tachyarrhythmia related to QT interval prolongation. 16, 26 Nevertheless, the QT interval seems to have a poor predictive value for the recognition of patients who are at particular risk of sudden death. Only QT intervals .600 milliseconds are clearly associated with a significant risk of sudden death, but few ED patients usually have such long QT intervals. 27 Considering the QT dispersion, an increase of the QT interval dispersion represents regional differences in myocardial excitability recovery and may lead to an increased arrhythmogenic substrate, with a higher risk for clinically significant ventricular arrhythmia and sudden death. In this case, the predictive value of the increased QT interval dispersion as a marker of sudden acute ventricular arrhythmia or death has been demonstrated. 16, 22 Both prolonged QT interval and increased QT interval dispersion tend to normalize after refeeding, along with heart rate and heart-rate variability.
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ED patients may show varying degrees of dehydration; sodium and chloride depletion, particularly in patients who vomit; potassium deficiency (in patients who abuse laxatives); and weaknesses of chloride, sodium, and potassium in patients using diuretics, with different depletions depending on the substance used. 29 In the case of hypokalemia, repolarization abnormalities (prolonged and depressed QT interval and decreased height of the T-wave) are usually found. Nevertheless, there is no correlation between potassium levels and specific signs in the electrocardiogram. In any case, cardiac or respiratory arrest is the most frequent cause of sudden death. Among the different findings, T-wave flattening or inversion is present with potassium levels of 3.0-3.8 mEq/L and a long QT interval, prominent U-wave, depression of the ST segment, and ventricular extrasystoles can be found with potassium levels of 2.3-3.0 mEq/L. In addition, torsades de pointes and ventricular fibrillation may be present with potassium levels ,2.3 mEq/L. Again, QT prolongation and ventricular arrhythmia may develop in the setting of severe hypokalemia, exposing patients to high risk of sudden cardiac event. 30 
Tako tsubo cardiomyopathy
Tako tsubo syndrome (apical ballooning syndrome), first described in Japan in 1991, 31 is a reversible cardiomyopathy precipitated by acute and severe emotional stress mainly observed in postmenopausal women. It has been explained by catecholamine-mediated myocardial stunning, due to the fact that an emotional or physical stressor usually precedes the syndrome. [32] [33] [34] [35] In the context of EDs, this syndrome can be a serious complication in young females with anorexia nervosa and acute symptoms, including cardiogenic shock and ventricular arrhythmias, can be severe and death may result. 33 Some cases of this syndrome following hypoglycemia (which increases plasma catecholamine levels) have been described in anorectic patients. 33, 36 as well as a case complicated by several syncopes due to recurrent episodes of torsades de pointes. In this regard, the combination of tako tsubo cardiomyopathy with a condition associated with the prolongation of QT and/or with an increase of QT dispersion, such as anorexia nervosa, makes the prognosis of this disease much more severe than usual. 37 Besides QT abnormalities, other possible causes of death among ED patients have been described. For example, in a case of sudden death in anorexia nervosa, some unexpected autopsy findings were reported by Derman and Szabo. 18 The postmortem examination revealed multiple bilateral pulmonary thromboembolisms and bilateral calf vein thrombosis.
In another study, a 39-year-old woman with longstanding anorexia nervosa suffered a myocardial infarction of the inferior wall during refeeding. The authors suggested that anorexia nervosa does not "protect" against coronary atherosclerosis and that some cases of sudden death could be related to myocardial ischemia. 38 However, another case of acute myocardial infarction has recently been reported in a woman with anorexia nervosa. 39 The medicolegal investigation into the causes of unexpected deaths of ED patients may find a number of risk factors whose interplay may result in a cardiovascular catastrophe. In this regard, heart atrophy, bleeding, fragmentation and contraction bands of the myofibrils, and disproportion between the size of the mitral valve and the atrophic ventricular wall have been described. 40 Lipofuscin accumulations in myocardium have also been reported. 41 Another mechanism of cardiovascular mortality and sudden death among ED patients is the alteration in sympathovagal balance and an increased vagal tone in a young woman with anorexia nervosa has been described. 42 Table 1 summarizes the main findings about sudden death related to cardiovascular complications.
Hypoglycemia and sudden death
The presence of hypoglycemia is well-known in starvation, including in cases of anorexia nervosa. 43 Previous studies have described severe hypoglycemia in anorexia nervosa as having no symptoms. [44] [45] [46] Hypoglycemic coma is an unusual complication in anorexia nervosa, which has been described in some cases reflecting severe malnutrition and indicating a poor and possibly fatal prognosis. 47, 48 It has been suggested that hypoglycemia associated with anorexia nervosa is a serious risk factor, especially when body weight falls below 30 kg, but in men it may occur at a higher total body weight. [49] [50] [51] Sudden death related to hypoglycemia has been reported in ED patients, usually associated with other complications, such as pulmonary edema, cerebral hemorrhage (Weber's syndrome) or coincident with acute exacerbation of liver injury induced by oral intake of nutrients. [52] [53] [54] Gastric dilatation and gastric rupture EDs usually cause gastrointestinal disturbances, such as decreased gastric motility and delayed gastric emptying, which may rarely lead to acute gastric dilatation. 55 Acute gastric dilatation is considered a surgical emergency as gastric necrosis, perforation, shock, and death can occur if treatment is delayed. [56] [57] [58] Besides some reversible ED cases with gastric dilatation and gastric rupture, several cases of death have been described. In 2008, Watanabe et al 58 reported the first autopsy case of fatal gastric dilatation without rupture. Severe congestion was observed in the intestine and cecum, suggesting that bulimia nervosa together with anorexia nervosa resulted in rapid gastric dilatation. The authors suggested that the cause of death was acute circulatory failure from hypovolemic shock that occurred following compression of the inferior vena cava and superior mesenteric vein, and loss of circulatory volume to the third space. Fatal gastric rupture due to a bulimic attack was discovered after death in a young woman suffering from anorexia nervosa. Autopsy revealed an acute gastric dilatation and rupture without commonly observed ischemic damage of gastric wall structures. In this case, the death as a consequence of neurogenic shock accounted for all the results of gross examination and histologic analyses. 61 With respect to the acute gastric dilatation, a case of cardiac arrest has been also described recently in a case of binge ED. 62 Not every instance of gastric dilatation in EDs is preceded by a history of delayed gastric emptying as was shown in a recent study. 63 In other cases, even a single binge episode can cause a gastric dilatation. 64, 65 Gastric dilatation associated with superior mesenteric artery syndrome has been also described in EDs, [66] [67] [68] as well as gastric dilatation associated with acute pancreatitis. 69 The other severe presentation of gastric dilatation is gastric infarction, which has been reported in several ED cases, sometimes with a fatal outcome.
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Cardiovascular risk during refeeding syndrome "Refeeding syndrome" can be defined as the potentially fatal shift in fluids and electrolytes that may occur in malnourished patients receiving artificial refeeding. These shifts result from hormonal and metabolic changes and may cause serious clinical complications. The hallmark biochemical feature of refeeding syndrome is hypophosphatemia. In addition, other abnormalities can be found (eg, hypokalemia, hypomagnesemia). 72 The change to anabolism, which occurs during refeeding, causes an increase in insulin secretion and, consequently, potassium is taken into cells. As a result, disturbances in the electrochemical membrane potential can result in arrhythmias and cardiac arrest. 72 Hypomagnesemia also affects membrane potential leading to cardiac complications. Besides the changes in potassium and magnesium levels, in refeeding syndrome phosphorus depletion occurs, which in turns leads to widespread dysfunction of cellular processes affecting almost every physiological system. Moreover, the introduction of carbohydrates to a diet leads to a rapid decrease in renal excretion of sodium and water. In this environment, patients may rapidly develop fluid overload with congestive cardiac failure, pulmonary edema, and cardiac arrhythmia. 72, 73 Other factors involved in sudden death among ED patients Some unusual deaths related to abnormal eating patterns (polyphagia) have been communicated with asphyxia as an unusual etiology. A sudden subdiaphragmatic viscus Table 1 Sudden death related to cardiovascular complications: main findings
• At least one-third of all deaths in patients with anorexia nervosa are estimated to be due to cardiac causes, mainly sudden death 14, 15, 18 • Cardiovascular complications are common and they have been reported in up to 80% of patients with anorexia nervosa, mainly in the form of bradycardia, hypotension, arrhythmias, repolarization abnormalities, and sudden death by up to 10% of the cases with these types of cardiovascular disturbances [14] [15] [16] [19] [20] [21] • Food restriction can lead to increased vagal tone, bradycardia, orthostatic hypotension, syncope, arrhythmias, congestive heart failure, and sudden death 22 • Duration of the QT interval of the electrocardiogram is a function of the heart rate and a prolonged QT interval is a biomarker for ventricular tachyarrhythmia and a risk factor for sudden death 15, 16, 79 • The measurement of QT interval has a poor predictive value for the recognition of patients who are at particular risk of sudden death. A measured QT interval of .600 milliseconds is associated with a significant risk of sudden death, but few patients usually have such long QT intervals
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• In refeeding syndrome, congestive heart failure results from decreased ventricular mass and myofibrillar atrophy, causing decreased stroke volume and reduced capacity of the cardiovascular system 4 • Some cases of myocardial infarction have been described in eating disorder patients. This complication increases the risk of sudden death among those patients 35, 36 • Another mechanism of cardiovascular mortality and sudden death among eating disorder patients is the alteration in sympathovagal balance 39 submit your manuscript | www.dovepress.com Dovepress Dovepress expansion, with resultant lung volume displacement and impediment of venous return from the lower half of the body, and infraglottic asphyxia have been noted as the main causes of these deaths. 74 In a study among severely malnourished patients, diaphragmatic contractility was severely depressed initially. This situation may cause acute respiratory distress and sudden death but is normally reversible with an adequate refeeding. 75 In addition to well-known electrolyte disturbances, anorexia nervosa nay be complicated by severe hypophosphatemia, which can cause muscle weakness and bulbar muscle dysfunction, resulting in aspiration pneumonia and cardiorespiratory arrest. 76 Abuse of emetics such as ipecac can result in irreversible and potentially fatal cardiomyopathies. 77 Friedman described a patient with anorexia nervosa who developed a fatal cardiomyopathy due to ipecac intoxication. Autopsy revealed pathological changes in the heart and skeletal muscles. 78 Ipecac abuse occurs predominantly among adolescent and young adult females who are either experimenting with purging behaviors or have an ED. Death can be the result, which is normally of cardiac origin (myocarditis with arrhythmias). Other causes of death with the use of ipecac are myositis, gastroesophageal pathology (including rupture), and metabolic abnormalities. 79 In a case of longstanding bulimia nervosa subsequent to anorexia nervosa, death was caused by pneumonia and sepsis. Autopsy revealed chronic interstitial nephritis, proximal tubular swelling, and diffuse glomerular sclerosis, suggesting chronic glomerular injury associated with longterm binging/purging. 80 With respect to renal function, acute renal failure induced by the presence of rhabdomyolysis has been reported to have been caused by refeeding-induced hypophosphatemia. 81 Postmortem studies on the brain of a patient who died of acute anorexia nervosa showed a slim neuron type with one extremely long basal dendritic field. In the neurons, the ramification pattern of single basal dendritic fields was found to be reduced and changes in the spine morphology, as well as reduction in spine density, were observed. The authors concluded that all anorexia nervosa deaths should be reported together with descriptions of causes and cerebral alterations. 82 Different severe acute inflammations such as pneumonia and peritonitis have been described in patients with anorexia nervosa. 83 In one case, these inflammations and a severe electrolyte imbalance caused a cardiorespiratory arrest which required the patient to be resuscitated. In another case, a sepsis with multiple organ dysfunction syndrome caused the death of the patient. 83 Generally, prolonged electrolyte disturbances in anorexia nervosa, catabolism, and insufficient immunity are the main factors for developing an acute inflammation, as well as some other complications, such as cardiorespiratory failure, nosocomial infection, and sepsis with multiple organ failure. 83 
Discussion
Investigations of sudden deaths by forensic pathologists have usually mentioned long QT syndrome as the main explanation. In addition, the absence of abnormal findings at postmortem examinations has highlighted the heritable nature of these sudden deaths. In many instances, a " negative" autopsy is long QT syndrome and potential causes of sudden death can have a genetic basis in addition to other disturbances. 84 EDs, particularly anorexia nervosa, are life-threatening diseases with a high risk of death due to cardiovascular disturbances, which can also be present during refeeding. 85 Cardiovascular complications -including bradycardia, QT interval prolongation, orthostatic hypotension, increased vagal tone, mitral valve prolapse (as a consequence of weight loss with an associated reduction in left ventricle mass, resulting in a relatively large mitral valve), possible alterations in myocardial contractility, and reduction in left ventricular wall thickness, among others -are present in the early stages. Some of these alterations can lead to sudden death and a model of clinical monitoring of cardiovascular system should be developed carefully. 86 In fact, ED patients with severe cardiovascular alterations should be admitted to the hospital in order to monitor their cardiac function and to ensure that they gain weight gradually. 87 This is important in purging-type ED, as purging may increase the risk of hypokalemia and subsequent cardiac dysrhythmias, and selfinduced vomiting increases the risk of additional complications. 88 In fact, QT prolongation and ventricular arrhythmia may develop in the setting of severe hypokalemia, exposing patients to high risk of sudden cardiac event. 30, 89 It must be noted that risk of death is clearly linked to QT prolongation, mainly due to hypokalemia or to a starvationderived anatomical remodeling of the heart. The principal risk factors seem to be duration of illness (.10 years), chronic hypokalemia, plasmatic albumin chronically ,3.6 g/100 mL and absolute QT $600 milliseconds. 90 Despite some conflicting results (mainly for methodological reasons) about QT interval alterations, prolongation of the submit your manuscript | www.dovepress.com
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QT is usually associated with sudden ventricular arrhythmias and death. Nevertheless, the main cardiovascular findings among patients with EDs are reversible by means of appropriate refeeding. As a result of this refeeding, increase in cardiac dimensions, ventricular mass, and cardiac output are reached. 5, 17, 28, 91, 92 It must be noted that left ventricular dysfunction, usually present as an asymptomatic finding, must be taken into account despite the fact that most cases are reversible after renutrition in hospital. 93 With respect to the above-mentioned causes of sudden death, many of them (eg, protein-calorie malnutrition, ipecac toxicity, deficiencies of phosphorus and magnesium) cause the sudden death by means of congestive heart failure. 94 Hypoglycemia, generally asymptomatic, is a usual finding among ED patients. Severe cases (plasma glucose levels as low as 18-20 mg/dL), including coma, were first described in the 1980s and since then the pathogenesis remains unclear, some etiological factors, such as excessive exercise, depletion of glycogen, gluconeogenesis failure, or some disturbances with respect to glucagon secretion, having been pointed out. Severe hypoglycemia is related to poor prognosis in ED patients. 47, 49, 95 As mentioned, the risk of hypoglycemia-related sudden death has been reported in ED patients and is usually associated with other complications.
The pathophysiology of gastric dysfunction in ED is poorly understood. Several mechanisms, such as gastrointestinal smooth muscle atrophy, diminished release of cholecystokinin, abnormalities in the autonomic nervous system, and gastric rhythm abnormalities, have been considered. 55 Acute gastric dilatation is uncommon in clinical practice in the field of EDs. Gastric infarction as a complication of acute gastric dilatation is an unusual associated circumstance. Nevertheless, both may be present in EDs, leading to perforation and death. 71 It must be noted that the main results about sudden death in EDs are those related to anorexia nervosa. In the case of bulimia nervosa, electrolyte disturbances are the main origin of sudden death by means of purging behaviors. With respect to EDs not otherwise specified, the search conducted yielded no results despite a recent study that has established that mortality rates for bulimia nervosa and EDs not otherwise specified seem to be similar.
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Conclusion
The most relevant conclusion of this review seems to be that the main causes of sudden death in EDs are those related to cardiovascular complications. The predictive value of the increased QT interval dispersion as a marker of sudden acute ventricular arrhythmia and death has been demonstrated. 16, 22 Purging behaviors may increase the risk of hypokalemia and subsequent cardiac dysrhythmias. Thus, monitoring vital signs and performing electrocardiograms and serial measurements of plasma potassium are relevant. ED patients with severe cardiovascular symptoms should be hospitalized. The presence of purging behaviors increases the cardiovascular risk. Medical problems associated with laxative abuse include electrolyte and acid/base changes that can involve the renal and cardiovascular systems and may become life threatening. The same applies to the use/abuse of emetics. 97 S o m e f i n d i n g s ( eg , l o n g -t e r m E D, c h r o n i c hypokalemia, chronically low plasmatic albumin, and QT intervals .600 milliseconds) must be especially taken into account. During refeeding, the adverse effects of hypophosphatemia include cardiac failure. Cardiac sequelae are secondary to and occur early in the cascade of events that arise during refeeding. 4 A large number of ED patients have gastrointestinal dysmotility, so a complete medical exploration should be done in this regard. In fact, no ED patients should start any treatment without full medical and nutritional explorations.
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